2,4-Dichloro-, 4,6-dichloro-, 2,4,6-trichloro-and tetrachloropyrimidine undergo nucleophilic displacements by 4-(dimethylamino)pyridine to give (pyrimidine-2,4-diyl 
Introduction
Hetarenium compounds are interesting molecules both from biological and chemical points of view. Numerous primary and secondary metabolites, among them oligocationic, cationic, neutral, and anionic alkaloids possess the pyridinium ring. Thus, the biologically active pyridinium alkaloid 1 from the Micronesian sponge Callyspongia fibrosa is an example of oligocationic species from natural sources [1] (Scheme 1). Cyclostellettamine 2 from the marine sponge Stelletta maxima [2, 3] , a potential muscarin receptor antagonist, is a dicationic molecule. The mesomeric betaines, such as pyridinium phenolate 3 from the leaves of Punica granatum [4, 5] and the collagen cross-link Deoxypyridinoline 4 [6] , are neutral natural products due to their even number of positive and negative charges within the same molecule. In general, heterocyclic mesomeric betaines are divided into four major classes depending on their type of conjugation, i.e. in conjugated mesomeric betaines -including 1,2-dipoles as a subclass -, cross-conjugated, as well as pseudo-cross-conjugated systems [7, 8] . 1-Carboxymethylnicotinic acid 5, which was isolated from the marine sponge Anthosigmella cf. raromicrosclera [9] , * Presented in part at the 7 th Conference on Iminium Salts (ImSaT-7), Bartholomä/Ostalbkreis, September 6 -8, 2005. 0932-0776 / 06 / 0400-0396 $ 06.00 c 2006 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com is an anionic pyridinium alkaloid due to partial structures of a cross-conjugated heterocyclic mesomeric betaine plus one additional carboxylate group.
In organic chemistry, heteroarenium substituents are able to stabilize reactive anionic species such as the allyl anion [10] , uracilates [11, 12] , pyrimidiniumolates [13 -15] , pyrimidinium-aminides [16, 17] , and pyridinium-olates [18] , or radical species such as the allyl radical [19] . Furthermore, polycationic heteroarenium compounds were prepared as organic oxidants [20] . We found that poly-halogenated pyridines can be converted regioselectively into mono-, tri-, penta-, and decacationic species as exemplified by 6 -9 in Scheme 2. Thus, nucleophilic heteroaromatics regioselectively exchange the 4-position of pentachloropyridine to form 6 [21] . In contrast to aliphatic nitrogen nucleophiles, no mixtures of 2-and 4-substituted products are obtained. Slightly more vigorous reaction conditions give the tricationic species 7 which can be substituted by one type (R 1 = R 2 ) or two types of heteroaromatics (R 1 = R 2 ). Interception of the leaving group by trifluorosulfonic acid trimethylsilylester (TMSOTf) at high temperatures results in the formation of pentacations such as 8. The 4-amino derivative of 8 (R = NH 2 ) can be protonated to yield a decacationic molecule 9 [21] .
Hetarenium-substituted pyridines proved to be versatile starting materials for the regioselective syn-Scheme 1. Charges in natural products.
Scheme 2. Heteroarenium-substituted pyridines.
thesis of highly substituted pyridines such as pyridine ethers [22] , thioethers [23] , and amines [24] . A small part of a broad variety of possible syntheses is presented in Scheme 3. As an example, the monocationic hetarenium salt 6 can be converted into the pyridines 10 -14 which are again starting materials for additional transformations. Thus, the 2,3,5,6-tetrachloro-4-sulfanylpyridines 12 react to the bis-hetarenium salts 15, which form biologically interesting S 2 ,Cl 3 ,S 4 ,Cl 5 ,S 6 -pentasubstituted pyridines 16 [23] [23] .
In continuation of earlier work [25 -27] we report here the application of this synthetic strategy to the pyrimidine ring system. We present the syntheses of di-and tricationic hetarenium-substituted pyrimidines and our first results of studies directed toward the synthetic potential of the resulting pyrimidine-hetarenium salts in nucleophilic displacement reactions with Oand S-nucleophiles.
Results and Discussion
4-(Dimethylamino)pyridine, 4-aminopyridine, and 4-(pyrrolidin-1-yl)pyridine exchange the 2-, 4-, and 6-chloro substituents of 2,4,6-trichloropyrimidine 19 and 2,4,5,6-tetrachloropyrimidine 20, respectively, to give the (pyrimidine-2,4,6-triyl)-1,1',1"-trispyridinium trichlorides 21 -25 and 27 -29 in fair to excellent yields (Scheme 4). Neither the formation of mono-nor of dicationic molecules were observed. Best yields were obtained when the reaction of tetrachloro- pyridine 20 with the heteroaromatics was conducted in DMF in the presence of stoichiometric amounts of TMSOTf to intercept the leaving group as TMSCl and to form the triflates 23 and 29; however, fourfold substitution to a tetracationic species was not observed under these reaction conditions. On trying to prepare 26 following this procedure decomposition occurred.
Reaction of 4,6-dichloropyrimidine 30 with 4-(dimethylamino)pyridine, 4-aminopyridine, and 4-(pyrrolidin-1-yl)pyridine, respectively, resulted in the formation of the dicationic hetarenium salts 31 -33. Correspondingly, 2,4-dichloropyrimidine 34 gave 35 -37 in quantitative yields, respectively (Scheme 5).
We next tested some substitution reactions on the heteroaromatics. As reported earlier, the trication 22 -as well as its pyridinium derivative (R 2 = H) [14] -reacts with water to form the tripole 38 [13] presence of sodium tetraphenylborate convert the trication 22 to the 4-alkoxy-substituted bis-hetarenium salts 39 -41 [13, 27] . Applying modified reaction condition gives rise to the formation of the new compound 2,4,6-tri(2-propoxy)pyrimidine 42 starting from 21 and sodium 2-propanolate in 2-propanol. Surprisingly, 2,4,6-trialkoxy-substituted pyrimidines are quite scarcely described species. 2,4,6-Trimethoxypyrimidine was prepared earlier from 2,4,6-trichloropyrimidine [28, 29] . Alternative procedures start from 4-chloro-2,6-dimethoxy-pyrimidine [30, 31] or pyrimidine-2,4,6-trione [32] . Some derivatives of 2-alkoxy-4,6-dimethoxy-substituted pyrimidines were prepared from 2-(methylsulfonyl)-4,6-dimethoxypyrimidine as orally active nonpeptidic Endothelin A receptor antagonists [33] . The 5-chloro-substituted trication 22 gives 43 under analogous reaction conditions, which is -to the best of our knowledge -the first representative of a O 2 ,O 4 ,Cl 5 ,O 6 -tetrasubstituted pyrimidine. 2-Propanthiol as nucleophile replaces the hetarenium substituents of 21 and 22 to yield the sulfanyl-substituted pyrimidines 44 and 45. Some derivatives of 44 and 45 are literature-known; they were synthesized by multi-step-procedures as potentially pharmacologically active compounds [34 -36] . The 2,4,6-triphenoxypyrimidine 46 is a known compound [37] , but Scheme 7. Nucleophilic displacement reactions on dicationic pyrimidines. Scheme 8. Peak assignments of the 13 C NMR resonance frequencies.
its 5-chloro substituted derivative 47 -formed on treatment of 22 with phenolate -has never been described to the best of our knowledge.
No reaction was observable on treatment of the dication 31 with sodium 2-propanolate in 2-propanol; 2-propanthiol in acetone in the presence of triethylamine, however, yielded the 4,6-disulfanyl-substituted pyrimidine 48 in low yields as a new representative of the very scarcely described class of S 4 ,S 6 -disulfanyl-substituted pyrimidines [38 -41] (Scheme 7); some of these were prepared starting from dichloropyrimidine 30 [38] . Better results were obtained starting from dication 35 which gave the 2,4-dialkoxypyrimidine 49 on reaction with iso-butanol in the presence of sodium amide. 2-Propanethiol as nucleophile formed pyrimidine 50 in 78% yield on reaction with 35. O 2 ,O 4 -and S 2 ,S 4 -disubstituted pyrimidines are well-known; the latter mentioned class of compounds is available inter alia starting from 1H-pyrimidine-2,4-dione [42 -46] .
In the NMR spectra taken in
]-DMSO-mixtures, the α-hydrogen atoms of the pyridinium rings in 21, 24, and 27 appear at δ = 9.19 ± 0.02 ppm and 8.89 ± 0.04 ppm in a 1 : 2 ratio. The corresponding β -hydrogen atoms give resonance frequencies at δ = 7.00 ± 0.08 and 7.02 ± 0.10 ppm. The chlorine at C-5 of the pyridinium ring causes an upfield shift of the hydrogens of the pyridinium rings of 22, 23, 25, 28, and 29. Thus, the α-hydrogen atoms appear at δ = 9.00 ± 0.20 ppm/8.41 ± 0.22 ppm in a 1 : 2 ratio, while the corresponding β -hydrogen atoms give signals at δ = 6.95 ± 0.12 ppm and 6.92 ± 0.12 ppm, respectively. Peak assignments of the 13 C NMR resonance frequencies are shown in Scheme 8.
In summary, we present here the syntheses of hetarenium-substituted pyrimidines and some expeditious approaches for the preparation of functionalized pyrimidines which might be of interest in bio-organic or medicinal chemistry.
Experimental Section
The 1 H and 13 C NMR spectra were recorded on Bruker Digital FT-NMR Avance 400 and Avance DPX 200 spectrometers. Multiplicities are described by using the following abbreviations: s = singlet, d = doublet, m = multiplet. NMR data of all compounds are presented unless they are described in the literature. The numbering C-2 to C-6 and 2-H to 6-H refers to the pyrimidine ring, whereas C-α/α-H and C-β /β -H are used to describe the corresponding atoms of the pyridinium substituents. FT-IR spectra were obtained on a Bruker Vektor 22 in the range of 400 to 4000 cm −1 (2.5% pellets in KBr). Melting points are uncorrected. 
General procedure for the synthesis of tricationic salts

"-tris[4-(dimethylamino)pyridinium] trichloride (21)
All data are in agreement to those reported earlier [25] .
(5- Chloropyrimidine-2,4,6-triyl)-1,1',1"- -2,4,6-triyl)-1,1'-1"-tris[4-(pyrrolidin-1-yl) pyridinium] trichloride (27) All spectroscopic data are in agreement to those reported earlier [25] . -4,6-diyl)-1,1'-bis[4-(dimethylamino) 
